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ABSTRACT
International Journal of Exercise Science 12(1): 614-622, 2019. The Cumberland Ankle Instability Tool
(CAIT) is used to classify individuals as ankle sprain copers, or as one suffering from chronic ankle instability (CAI).
However, literature examining factors contributing to these classifications on the CAIT is lacking, as the CAIT itself
does not offer explanations for specific anthropometric measures that influence a patient’s classification. Therefore,
the purpose was to determine if there was a difference between dorsiflexion active range of motion (AROM)
between copers, those with CAI, and a healthy control group. Twenty-two individuals with recent ankle sprains
were recruited by a convenience sampling method and placed in the coper (5 females, 5 males, age: 21.9 ± 1.5 years,
height: 173.74 ± 7.69 cm, weight: 69.75 ± 10.50 kg) or CAI (10 females, 2 males, age: 21.8 ± 2.3 years, height: 173.99 ±
10.86 cm, weight: 68.14 ± 10.63 kg) groups. The remaining 10 individuals (4 females, 6 males, age: 23.2 ± 1.5 years,
height: 178.05 ± 12.92 cm, weight: 75.65 ± 8.00 kg) who participated in the study served as control, as they had never
sustained a previous ankle sprain. Dorsiflexion AROM measurements were evaluated using an inclinometer during
a weight-bearing lunge. Three measurements were taken for each participant and used for statistical analysis. There
was no statistically significant difference in average dorsiflexion AROM between the coper, control, and CAI
groups (F2,29 = 2.063, p = 0.15, ω = 0.06, 1 – β = 0.40). Further research is needed to determine if limited dorsiflexion
AROM is indeed a contributing factor to an individual’s classification as a coper or suffering from CAI, as defined
by the CAIT.

KEY WORDS: Ankle sprain, weight-bearing lunge test, active range of motion, Cumberland
Ankle Instability Tool
INTRODUCTION
Lateral ankle sprains are among the most common musculoskeletal injuries in the athletic
population (23, 25). It has been reported that approximately 25% of all musculoskeletal injuries
are lateral ankle sprains, (1) with approximately 50% of these injuries being caused by sportrelated activity (25, 26). Because of the frequency, treatment of such injuries to the lateral ankle
can place a greater financial burden on those affected compared to other ankle injuries (23, 25),
as 7-10% of hospital emergency department cases involve lateral ankle sprains (23). One study
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reported that 59% of patients that suffered from recurrent lateral ankle sprains experienced
residual symptoms such as pain, weakness, instability, and swelling, like those associated with
Chronic ankle instability (CAI) (29). Chronic ankle instability is a musculoskeletal condition
where one experiences residual symptoms of both functional and mechanical instability (13, 26).
Chronic ankle instability often develops as a result of recurrent ankle sprains, and can be
characterized by the feeling of residual symptoms such as instability (9, 12, 14, 22), pain,
weakness, swelling (6, 26), or feeling of the ankle “giving way” (16). However, some patients
with a history of lateral ankle sprains experience no long-lasting symptoms like those of CAI,
and are often referred to as copers (21, 24, 28). Copers do not experience symptoms of pain,
instability (28), recurrent injury (28), or feeling of the ankle “giving way” (25, 28) for at least one
year following the initial injury (21, 24).
The Cumberland Ankle Instability Tool (CAIT) is a valid and reliable tool for determining
functional ankle instability (15). The CAIT is a 9-item self-reported questionnaire that is used to
assess the severity of ankle instability and classify status as either a coper or suffering from CAI
based on experiences during various physical activities of daily living (24). A coper, as defined
by the CAIT is a patient that has suffered from an ankle sprain but experiences no long-lasting
symptoms (24). Chronic ankle instability, as defined by the CAIT, is a patient that experiences
outstanding symptoms from previous ankle injuries that are consistent with those of CAI (24).
Previous studies (6, 7, 21 ,28) suggest that a deficit in ankle dorsiflexion active range of motion
(AROM) can predispose patients to recurrent lateral ankle sprains, and others reported that CAI
develops in 40% (12) and up to 70% (8, 27) of people with a history of lateral ankle sprains.
Furthermore, a previous study reported that dorsiflexion range of motion (ROM) measured
using a weight-bearing lunge test (WBLT) was a significant contributor (p < 0.05) to a
combination of mechanical and functional impairments that caused a variance in health relatedquality of life of individuals reported to have CAI by the CAIT (18). However, there is little
literature examining the difference in dorsiflexion AROM between patients that experience CAI
by a tool such as the CAIT, and those that have not. If a difference in dorsiflexion AROM can be
identified between patients that are determined to have CAI and those that do not (copers and
a healthy population), then CAI can potentially be prevented in the future by emphasizing the
importance of dorsiflexion range of motion rehabilitation following acute lateral ankle sprains.
Therefore, the purpose of this work was to determine if there was a difference in dorsiflexion
AROM between a healthy control population, patients classified as copers by the CAIT, and
patients classified as having CAI by the CAIT. It was hypothesized that there would be a
difference in dorsiflexion AROM between a coper, CAI, and control group members.
METHODS
Participants
An a priori statistical power analysis was performed with a two-sided test, effect size of 0.50, and
80% power which determined the need for 14 participants in the coper and CAI groups. After a
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screening of 37 total individuals that had volunteered to participate in the study by recruitment
using a convenience sampling method, a total of 32 participants met the inclusionary criteria,
whose demographic variables can be seen in Table 1.
Table 1. Mean and standard deviations of demographic variables.
Men
Age (years)
22.6 ± 1.3
Height (cm)
184.83 ± 7.20
Mass (kg)
79.86 ± 5.82

Women
22.0 ± 2.2
168.57 ± 6.62
64.92 ± 7.49

All participants were between the ages of 18 and 26 years old and were recreationally active,
defined in the current study as those that had subjectively reported participating in physical
activity for a minimum of 90 minutes per week. Participants in the coper and control groups
had both experienced a self-reported ankle sprain within 2 years, but no sooner than 6 months
of the date that dorsiflexion AROM measurements were taken, while the control group had
never experienced an ankle sprain (10). Participants with a previous history of at least one ankle
sprain in the specified timeframe (6 months – 2 years prior to data collection) were classified
into either the coper or CAI group based on their symptoms consistent with those of CAI, as
determined by their CAIT score. Participants with a score of ≤ 27 on the CAIT were assigned to
the CAI group, and those with a score of ≥ 28 were assigned to the coper group (27).
The definition of an ankle sprain in the current study was applied based on the position
statement of the International Ankle Consortium (10). This defines an ankle sprain as “an acute
traumatic injury to the lateral ligament complex of the ankle joint as a result of excessive
inversion of the rear foot or a combined plantar flexion adduction of the foot” which required
medical attention from a healthcare professional and resulted in at least 1 day of time loss from
physical activity (10). Participant injury history was subjectively collected by the demographics
sheets and questionnaires distributed by 1 of the primary investigators prior to dorsiflexion
AROM measurements.
Of the initial 37 individuals that were screened for participation, 1 was excluded for failure to
meet the required age range, and 4 were excluded for failure to meet timeline requirements for
ankle sprains by reporting an injury that was too recent (within 6 months of data collection).
This study was approved by the university’s institutional review board, and all participants
provided informed consent prior to data collection.
Outcome Measures: The CAIT questionnaire is a valid and reliable tool that consists of 9
questions and a 30-point scoring system (15). Based on score, participants with a history of ankle
sprains were classified into 2 groups: CAI (score of ≤ 27) or coper (score of ≥ 28) (15). The WeightBearing Lunge Test (WBLT) was used to measure participant dorsiflexion AROM. This WBLT
has been used in previous studies (1, 3, 19, 23), and has shown that use of WBLT using an
inclinometer to measure dorsiflexion AROM resulted in higher reliability coefficients than
goniometric measurements (11). The WBLT was performed against a wall, on low carpet. A
millimeter measuring tape (2000 mm long) was attached to the ground parallel to the wall. A
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baseline bubble inclinometer (Fabrication Enterprise Inc. White Plains, New York) was used to
assess the participant dorsiflexion AROM. Prior to data collection, the investigator using the
baseline bubble inclinometer to measure dorsiflexion AROM was tested for intrarater reliability
(t9=1.00, p = 0.343, ICC (3,1)1=0.959, CI95 = 0.835, 0.990) on a pilot sample of 8 volunteers across
2 separate days, suggesting high intrarater reliability. Each participant performed 3 trials of the
WBLT with 1 minute of rest in between. Dorsiflexion AROM measurements, starting distance
for each trial, and the average of the 3 dorsiflexion AROM trial measurements for each
participant were recorded in a Microsoft Excel spreadsheet.
Protocol
Participants reported to the data collection site during an allocated time for a single test session
lasting approximately 20 minutes. One investigator administered a written informed consent
form, a demographics form, and the CAIT and the other investigator conducted the WBLT to
obtain dorsiflexion AROM measurements using the inclinometer in the connecting private
laboratory.
The first investigator distributed a packet to each participant that contained 2 copies of the
informed consent, 1 for the participant and 1 for the investigators, a demographics form, and
the CAIT questionnaire. The participants were informed verbally about the research being
conducted and verbally instructed how to complete the forms and the CAIT. Once the
participants completed the packet, a pseudo code was created for them and used as confidential
participant identification for all required documents.
Participants were verbally instructed on how to complete the CAIT based on the instructions
provided on the questionnaire. The 9 questions asked the participant to rate his or her experience
of ankle instability during different activities (19). Each rating corresponded to a score on a
separate scoring sheet, which was used by the investigator to find a total score for each
participant that would classify them into either the coper or CAI group.
The investigator that administered the CAIT questionnaire calculated the score of the CAIT and
entered the scores and the group classification (CAI, coper, or control) into a Microsoft Excel
spreadsheet that was kept separate from the other investigator. Participants were assigned to
groups based on their score on the CAIT and whether or not they reported a previous ankle
sprain. The CAI group reported a previous ankle sprain and received a score ≤ 27 on the CAIT,
the coper group reported a previous ankle sprain and received a score of ≥ 28 on the CAIT, and
the control group reported no history of a previous ankle sprain.
The participants performed the WBLT by beginning in a standing position, facing a wall, with
the involved limb being used for dorsiflexion AROM measurements placed in front (19). Two
fingers from each hand were placed on the wall in order to maintain balance during the WBLT
procedures (19). Participants began with a starting distance of 10 cm between the wall and the
great toe of the involved limb, and were then instructed to lunge forward while maintaining this
position until their knee had touched the wall, placing the ankle of the involved limb into a
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dorsiflexed position. If participants were unable to reach the wall with their knee in this starting
position, they were instructed to move forward until they could. Participants who were able to
complete the motion from the starting 10 cm distance without lifting the heel of the involved
limb were instructed to move back to the farthest point from which they could touch the wall
with their knee while maintaining full contact between the heel and the ground and keeping the
knee in line with the second toe (19). Once participants had reached the point of maximal
dorsiflexion while maintaining the correct positioning for the WBLT, the dorsiflexion AROM
was measured using baseline bubble inclinometer placed on the tibial tuberosity of the involved
limb (19). Participants completed 3 trials of the WBLT, with a 1-minute rest between each, and
the average of the 3 trials was recorded and used for statistical analysis.
In order to eliminate investigator bias, both investigators were blinded to the data being
recorded by the other. Administration of the CAIT and measurement of dorsiflexion AROM
were performed in separate rooms, with no communication between the 2 investigators.
Therefore, the investigator administering the CAIT was not informed of the participants’
dorsiflexion AROM measurements, and the investigator measuring the dorsiflexion AROM was
not informed of the participants’ CAIT scores or their assigned group.
Statistical Analysis
Descriptive statistics were calculated for each of the variables. A 1-way Analysis of Variance
(ANOVA) was conducted to analyze differences in the average of 3 trials of dorsiflexion AROM
between the 3 groups. Omega (ω) was calculated for measuring the effect size between groups.
Also, 95% confidence intervals (CIs) were determined for the mean of each group. An a priori 
level was set at p = 0.05 for the analysis. All data was first entered into a Microsoft Excel
spreadsheet and the 1-way ANOVA statistical analysis was performed using SPSS (version 20.0;
IBM Corporation, Armonk, NY) software.
RESULTS
There was no statistically significant difference between those in the coper, control, or CAI for
age (F2,29 = 1.946, p = 0.16), height (F2,29 = 0.524, p = 0.60), or mass (F2,29 = 1.702, p = 0.20). The
main finding was no statistically significant difference in average dorsiflexion AROM between
those in the coper, control, and CAI groups (F2,29 = 2.063, p = 0.15, ω = 0.06, 1 – β = 0.40) as seen
in Figure 1.
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Figure 1. Average dorsiflexion active range of motion between groups.

DISCUSSION
The purpose of this study was to determine if there was a difference in dorsiflexion AROM
between those with CAI, ankle sprain copers, and a control group of participants that had never
sustained an ankle sprain. Although the primary interest was whether or not there was a
difference between those with CAI and ankle sprain copers, the inclusion of the control group
of uninjured participants was believed to be beneficial in determining whether or not there is a
difference in patients with CAI and those without. The main findings of this study were that
there was no statistically significant difference between average dorsiflexion AROM between
coper, control, and CAI groups during a WBLT.
To our knowledge, this is one of the first studies to look at dorsiflexion AROM through the
WBLT among coper, control, and CAI groups while previous studies (4, 5, 7, 16) only compared
dorsiflexion AROM between the CAI group and a healthy population. A previous study (5),
using similar methods, partially supports our dorsiflexion AROM results, which reported no
differences between the healthy control and the CAI group. However, many of the previous
studies (4, 7, 16) reported a significant decreased dorsiflexion AROM during landing, walking,
and jogging in the CAI group compared to the healthy control group. The results from these
previous studies indicate that individuals with CAI may experience limited dorsiflexion during
dynamic and functional tasks such as landing, walking, and running, but may not during a static
task, such as the WBLT. A previous study (22) reported that alternations in the central nervous
system may be revealed during the dynamic movement and functional tasks in the CAI
population, but alternations were not observed during the static task. Therefore, the static task
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assessment such as the WBLT may not be a proper assessment to compare dorsiflexion AROM
between groups.
Previous researchers have found significantly less dorsiflexion ROM in individuals with CAI
when compared to those without (4, 5, 17, 19, 23). However, these studies also did not examine
the effects of rehabilitation on CAI. Cruz-Díaz et al. examined the effects of joint mobilization
techniques to increase dorsiflexion ROM on levels of self-reported instability in patients with
CAI (2). Results of this showed that performance of joint mobilizations significantly increased
dorsiflexion ROM and improved scores on the CAIT in the CAI group compared to control and
placebo groups (p < 0.001) (2).
In our results, the participants with CAI demonstrated greater dorsiflexion AROM than those
in the coper group even though it was not statistically significant. A previous study (20) reported
that the number of ankle sprains does not influence the joint laxity in the mechanical ROM
measure. Although the CAI group experienced a greater number of ankle sprains than the coper
group, this is not the cause of limited dorsiflexion.
One possibility for the current results could have been the participants’ previous involvement
in ankle rehabilitation following their ankle injury. Prior to dorsiflexion measurement, the
participants completed a demographics page. One section of this demographic page asked the
participants whether or not they completed formal rehabilitation following their ankle sprain,
and if they had, to provide a brief explanation. Thirteen of the participants (5 coper, 8 CAI)
reported having received formal rehabilitation from either an athletic trainer or a physical
therapist, and 9 participants (5 coper, 4 CAI) reported that they had not. The majority of those
that had reported they participated in formal rehabilitation appeared to have higher average
dorsiflexion AROM measurements than those that did not.
The statistically insignificant findings in this study suggest an implication for additional
research to further investigate whether or not there is a difference in dorsiflexion AROM
through the dynamic and functional assessment and whether or not rehabilitation has an effect
on patient classification between copers and CAI patients. This study also took place from a
retrospective standpoint, attempting to examine whether or not established copers and CAI
patients were limited in dorsiflexion AROM. However, it did not examine whether or not those
with pre-existing limited dorsiflexion are predisposed to CAI following lateral ankle sprains.
The number of previous ankle sprains and experience of formal rehabilitation were not
examined in the current study. These differences may lead to different dorsiflexion AROM.
Further research could examine participants that had participated in previous formal
rehabilitation, and those that had not, to determine whether or not dorsiflexion rehabilitation
can prevent or reduce symptoms of CAI. Additionally, the relationship between the number of
ankle sprains and dorsiflexion AROM among the groups needs to be investigated in future
studies.

International Journal of Exercise Science

620

http://www.intjexersci.com

Int J Exerc Sci 12(1): 614-622, 2019
REFERENCES
1.

Bennell KL, Talbot RC, Wajswelner H, Techovanic W, Kelly DH, Hall AJ. Itra-rater and inter-rater reliability
of a weight-bearing lunge measure of ankle dorsiflexion. Aust J Physiother 4(3): 175-180, 1998.

2.

Cruz-Díaz D, Lomas Vega R, Osuna-Pérez M, Hita-Contreras F, Martínez-Amat A. Effects of joint
mobilization on chronic ankle instability: a randomized controlled trial. Disabil Rehabil 37(7): 601-610,
2014.

3.

Chisholm MD, Birmingham TB, Brown J, MacDermid, J, & Chesworth BM. Reliability and Validity of a
Weight-Bearing Measure of Ankle Dorsiflexion Range of Motion. Physioth Can 64(4): 347-355, 2012.

4.

Delahunt E, Monaghan K, Caulfield B. Changes in lower limb kinematics, kinetics, and muscle activity in
subjects with functional instability of the ankle joint during a single leg drop jump. J Orthop Res 24(10):
1991-2000, 2006.

5.

Denegar CR, Hertel J, Fonseca J. The effect of lateral ankle sprain on dorsiflexion range of motion, posterior
talar glide, and joint laxity. J Orthop Sports Phys Ther 32(4): 166-173, 2002.

6.

Doherty C, Bleakley C, Hertel J, Caulfield B, Ryan J, Delahunt E. Locomotive biomechanics in persons with
chronic ankle instability and lateral ankle sprain copers. J Sci Med Sport 19(7): 524-530, 2016.

7.

Drewes LK, McKeon PO, Kerrigan DC, Hertel J. Dorsiflexion deficit during jogging with chronic ankle
instability. J Sci Med Sport 12(6): 685-690, 2009.

8.

Fong D, Hong Y, Chan L, Yung P, Chan K. A systematic review on ankle injury and ankle sprain in sports.
Sports Med 37(1): 73-94, 2007.

9.

Freeman MA. Instability of the foot after injuries to the lateral ligament of the ankle. J Bone Joint Surg
Br 47(4): 669– 677, 1965.

10. Gribble PA, Delahunt E, Bleakley CM, et al. Selection criteria for patients with chronic ankle instability in
controlled research: a position statement of the international ankle consortium. J Othop Sports Phys Ther
43(8): 585-591, 2013.
11. Hall E, Docherty C. Validity of clinical outcome measures to evaluate ankle range of motion during the
weight-bearing lunge test. J Sci Med Sport 20(7): 618-621, 2017.
12. Hertel J. Functional anatomy, pathomechanics, and pathophysiology of lateral ankle instability. J Athl Train
37: 364-75, 2002.
13. Hertel J. Functional instability following lateral ankle Sprain. Sports Med 29(5): 361–371, 2000.
14. Hiller CE, Kilbreath SL, Refshauge KM. Chronic ankle instability: evolution of the model. J Athl Train 46:
133-41, 2011.
15. Hiller CE, Refshauge KM, Bundy AC, Herbert RD, Kilbreath SL. The Cumberland ankle instability tool: A
report of validity and reliability testing. Arch Phys Med Rehab 87(9): 1235–1241, 2006.
16. Hoch MC, Farwell KE, Gaven SL, Weinhandl JT. Weight-Bearing Dorsiflexion Range of Motion and
Landing Biomechanics in Individuals with Chronic Ankle Instability. J Athl Train 50(8): 833-839, 2015.

International Journal of Exercise Science

621

http://www.intjexersci.com

Int J Exerc Sci 12(1): 614-622, 2019

17. Hoch MC, Staton GS, Medina McKeon J M, Mattacola CG, & McKeon, PO. Dorsiflexion and dynamic
postural control deficits are present in those with chronic ankle instability. J Sci Med Sport 15(6): 574-579,
2012.
18. Houston MN, Hoch JM, GabrinerML, Kieby JL, Hoch MC. Clinical and laboratory measures associated
with health-related quality of life in individuals with chronic ankle instability. Phys Ther Sport 16(2): 16975, 2015.
19. Konor MM, Morton S, Eckerson JM, Grindstaff TL. Reliability of three measures of ankle dorsiflexion range
of motion. Int J Sports Phys Ther 7(3): 279-87, 2012.
20. Liu K, Gustavsen G, Kaminski TW. Increased Frequency of Ankle Sprain Does Not Lead to an Increase in
Ligament Laxity. Clin Sport Med 23(6): 483-487, 2013.
21. Marrón-Gómez D, Rodríguez-Fernández ÁL, Martín-Urrialde JA. The effect of two mobilization techniques
on dorsiflexion in people with chronic ankle instability. Phys Ther Sport 16(1): 10–15, 2015.
22. Pietrosimone BG, Gribble PA. Chronic Ankle Instability and Corticomotor Excitability of the Fibularis
Longus Muscle. J Athl Train 47(6): 621-626, 2012.
23. Shah S, Thomas A, Noone J, Blanchette C, Wikstrom E. Incidence and cost of ankle sprains in united states
emergency departments. Sports Health 8(6): 547-552, 2016.
24. Son S, Kim H, Seeley M, Hopkins J. Movement strategies among groups of chronic ankle instability, coper,
and control. Med Sci Sport Exerc 49(8): 1649-1661, 2017.
25. Van Den Bekerom M, Kerkhoffs G, McCollum G, Calder J, van Dijk C. Management of acute lateral ankle
ligament injury in the athlete. Knee Surg Sports Traumatol Arthrosc 21(6): 1390-1395, 2013.
26. Webster CA, Nussbaum MA. Localized ankle fatigue development and fatigue perception in adults with
or without chronic ankle. J Athl Train 51(6): 491-497, 2016.
27. Wikstrom EA, Brown CN. Minimum reporting standards for Copers in chronic ankle instability
research. Sports Med 44(2): 251–268, 2013.
28. Wright CJ, Arnold BL. Clinical exam results differ among individuals with functional ankle instability and
ankle sprain copers. J Athl Train 48(5): 581–9, 2013.
29. Yeung MS, Chan KM, So CH, Yuan WY. An epidemiological survey on ankle sprain. Br J Sp Med 28(2):
112-116, 1994.

International Journal of Exercise Science

622

http://www.intjexersci.com

